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(54) Methods for preventing anode oxidation In a fuel cell 



(57) A method of preventing anode oxidation in a fu- 
el cell (10) is disclosed comprising applying a negative 
current to an anode (30) of said fuel ceil (10), such that 
the anode (30) is disposed in ionic communication with 



a cathode (50) through an electrolyte (40). Oxygen is 
transferred from the anode (30) through the electrolyte 
(40) to the cathode (50). A method preventing anode 
oxidation in a fuel cell (1 0) by storing and using a refor- 
mate and doping an anode (30) are also disclosed. 
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Description 

BACKGROUND 

[0001 1 A fuel cell Is an energy conversion device that 
generates electricity and heat by electrochemically 
combining a gaseous fuel, such as hydrogen, carbon 
monoxide, or a hydrocarbon, and an oxidant, such as 
air or oxygen, across an ion-conducting electrolyte. The 
fuel cell converts chemical energy Into electrical energy. 
A fuel cell generally consists of two electrodes posi- 
tioned on opposites of an electrolyte. The oxidant pass- 
es over the oxygen electrode (cathode) while the fuel 
passes over the fuel electrode (anode), generating elec- 
tricity, water, and heat. 
[0002] The automotive industry has turned to fuel 
cells, particularly solid oxide fuel cells (SOFCs), to help 
power automobiles and reduce emissions. SOFCs are 
constructed entirely of solid-state materials, utilizing an 
ion conductive oxide ceramic as the electrolyte. A con- 
ventional electrochemical cell In a SOFC Is comprised 
of an anode and a cathode with an electrolyte disposed 
therebetween. In a typical SOFC, a fuel flows to the an- 
ode where it Is oxidized by oxygen Ions from the elec- 
trolyte, producing electrons that are released to the ex- 
ternal circuit, and mostly water and carbon dioxide are 
removed in the fuel flow stream. At the cathode, the ox- 
idant accepts electrons from the external circuit to form 
oxygen ions. The oxygen ions migrate across the elec- 
trolyte to the anode. The flow of electrons through the 
external circuit provides for consumable or storable 
electricity. However each Individual electrochemical 
cell generates a relatively small voltage. Higher voltages 
are attained by electrically connecting a plurality of elec- 
trochemical cells in series to fonn a stack. 
[0003] The SOFC cell stack also Includes conduits or 
manifolds to allow passage of the fuel and oxidant into 
and byproducts, as well as excess fuel and oxidant, out 
of the stack. Generally, oxidant is fed to the structure 
from a manifold located on one side of the stack, while 
fuel is provided from a manifold located on an adjacent 
side of the stack. The fuel and oxidant are generally 
pumped through the manifolds and introduced to a flow 
field disposed adjacent to the appropriate electrode. 
The flow fields that direct the fuel and oxidant to the re- 
spective electrodes typically create oxidant and fuel 
flows across the electrodes that are perpendicular to 
one another. 

[0004] Seals must be provided around the edges of 
the various cell stack components to inhibit crossover 
of fuel and/or oxidant. For example, seals are disposed 
between the electrodes and adjacent flow fields, around 
manifolds, between flow fields and cell separators, and 
elsewhere. One factor in establishing SOFC reliability is 
the integrity of these seals. 

[O0O5] Leaks in the manifold seals, electrochemical 
seals, or other defects can lead to the SOFC failure. 
When the concentration of oxygen on the anode side 
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forms an oxidizing anvironment. anode oxidation can 
occur, creating a cne^nical and volume change that re- 
sults in mechanica: iailure of the SOFC cell. To address 
this problem, conventional SOFC systems provide a 
continuous supply of fuel (or reformate) to continue to 
provide hydrogen to the anode (i.e., maintaining a re- 
ducing environment) and inhibit anode oxidation. Hg^r 
ever^during.the perioci of shut,dowh and start up, gen- 
Sy t»liMi»P^P the fu^cell^l^- 

ode oxidation. 

SUMMARY 

[0006] The drawbacks and disadvantages of the prior 
art are overcome by the use of strategies for anode pro- 
tection. 

[0007] A method of preventing anode oxidation in a 
fuel cell is disclosed. The method comprises applying a 
negative current to an anode of the fuel cell, such that 
the anode is disposed in ionic communication with a 
cathode through an electrolyte. Oxygen is transferred 
from the anode through the electrolyte to the cathode. 
[0008] A method of preventing anode oxidation In a 
fuel cell is disclosed. The method comprises doping an 
anode of the fuel cell with a dopant, such that the anode 
is disposed in ionic communication with a cathode 
through an electrolyte. The dopant scavenges at least 
a portion of the oxygen present at the anode. 
[0009] A method of preventing anp,(^e oxidation of a 
fuel cell is disclosed. Theiroethod cdrfiprises storing a >f 
.reformate.in fluid comrfiunication with the fuel bell hav^^ C ^jf 
inf an anode and'a cathode disposed on opjDosite sides ^ ^ 
of an electrolyte. The reformate is stored with materials 
selected from the group consisting of hydrides, cartDon 
nano-tubes, and combinations comprising at least one 
of the foregoing materials. The reformate is introduced 
to the anode when the fuel cell has a temperature of 
about 400°C to about 1 ,000*'C. 

[0010] The above described and other features are 
exemplified by the following figures and detailed de- 
scription. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Referring now to the figures, wherein like ele- 
ments are numbered alike in the several figures: 

Figure 1 is a perspective view of an exemplary elec- 
trochemical cell of a SOFC; and " 
Figure 2 is a schematic of an electrochemical cell 
of a SOFC in operation. 

DETAILED DESCRIPTION 

[0012] To meet the needs of automobiles, fuel cells 
have begun to help power vehicles to aid in rapid starts. 
Fuel cells can provide a continuous source of electrical 
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power to meet the needs of automobiles. Fuel cells re- 
quire a fuel source (or reformate) and a source of air (or 
oxygen) to operate and the concentrations of both 
needs to be monitored to prevent the fouling (or break- 
down) of the fuel cell. Since different types of SOFC sys- 
tems exist, Including tubular and planar systems, any 
reference to a particular cell configuration are intended 
to also represent similar components in other cell con- 
figurations, where applicable. 

[0013] One configuration of a SOFC includes a stack 
of planar SOFC, with an electrochemical cell (or fuel 
cell) 10 of a stack, illustrated in Figure 1 . A fuel electrode 
(or anode) 30 and an oxygen electrode (or cathode) 50 
are disposed on opposite sides of a solid electrolyte 40 
to form an electrochemical cell 1 0. Two Interconnects 
(or current collectors) 20, 22 are disposed on opposite 
sides of the electrochemical cell 1 0. An additional anode 
32 is disposed adjacent to interconnect 22 to illustrate 
the placement of and ability to stack several electro- 
chemical cells connected to electrochemical cell 10. 
[0014] The solid electrolyte 40 of the electrochemical 
cell 10 can be an ion conductor capable of transporting 
oxygen ions from the cathode 50 to the anode 30, which 
is compatible with the environment In which the SOFC 
will b© utilized (e.g., temperatures of about 600*^0 up to 
about 1 ,000°C). Generally, solid electrolyte materials In- 
clude conventional materials, such as ceramics (e.g., 
perovsklte, fluorite, and the like) and/or metals (e.g., al- 
loys, oxides, gallates, and the like), including zirconium, 
yttrium, calcium, cerium, magnesium, aluminum, rare 
earths, and the like, as well as oxides, gallates, alumi- 
nates, combinations, and composites comprising at 
least one of the foregoing materials. Preferably the elec- 
trolyte is a rare earth oxide (such as yttria, gadolinia, 
neodymia, ytterbia, erbia, ceria, and the like) doped with 
allovalient oxide(s) (such as magnesia, calcia, strontia, 
and the like, and other +2 valence metal oxides). More 
preferably, a yttria-stabilized zirconia electrolyte is uti- 
lized in the SOFC. 

[0015] The anode 30 and cathode 50, which fonn 
phase boundaries (gas/electrolyte/ catalyst particle; 
commonly known as triple points) with the electrolyte 40, 
can be disposed adjacent to or integral with the electro- 
lyte 40. The anode 30 and cathode 50 are generally 
formed of a porous material capable of functioning as 
an electrical conductor and capable of facilitating the ap- 
propriate reactions. The porosity of these materials 
should be sufficient to enable dual directional flow of 
gases (e.g., to admit the fuel or oxidant gases and permit 
exit of the byproduct gases), with a porosity of about 
20% to about 40%, typically preferred. 
[001 6] The composition of the anode 30 and cathode 
50 can comprise elements such as zirconium, yttrium, 
nickel, manganese, strontium, lanthanum, and, oxides, 
alloys, and combinations comprising at least one of the 
foregoing elements. Preferably, the anode material is 
fonned upon a ceramic skeleton, such as yttria-stabi- 
lized zirconia, for thermal compatibility. 



[0017] Both the anode 30 and the cathode 50 can be 
formed on the electrolyte 40 by a variety of techniques 
including sputtering, chemical vapor deposition, screen 
printing, spraying, dipping, painting, and stenciling, 

s among others. The electrodes are typically up to about 
1,000 microns or so In thickness, with a thickness of 
about 10 microns to about 50 mterons typically pre- 
ferred. An anode supported cell can also be used by 
forming the electrolyte 40 and the cathode 50 on the an- 

10 ode 30 by any of the above techniques. Alternate con- 
structions are also contemplated with the cathode 50 or 
an inert layer (not shown) substituted as the support for 
the fuel cell. 

[001 8] The electrochemical cell 1 0 can be electrically 

15 connected with other electrochemical cells by using an 
interconnect 20, 22. Depending upon the geometry of 
the SOFC, the fuel and the oxidant flow to the anode or 
cathode (as appropriate) via the passageways of the in- 
terconnect 20, 22. The interconnect 20, 22 Is generally 

20 formed of a material capable of withstanding the pres- 
sures and temperatures of the SOFC, and capable of 
conducting electricity. For example, suitable intercon- 
nects can be ceramic or metallic in the form of plates, 
foils, felts, mats, fibers (chopped, woven, non-woven, 

25 long, and the like), and the like, and combinations com- 
prising at least one of the foregoing, which are capable 
of withstanding automobile operating conditions (e.g., 
ambient temperatures of about -40°C up to operating 
temperatures of about 1,000°C). The Interconnect 20, 

30 22 can be an electrically conductive material that is com- 
patible with the oxidizing or reducing nature of the fuel 
cell environment. Some possible interconnects can 
comprise materials such as silver, copper, ferrous ma- 
terials, strontium, lanthanum, chromium, chrome, gold, 

35 platinum, palladium, nickel, titanium, conducting ceram- 
ics (e.g., doped rare earth oxides of lanthanum, chromi- 
um, manganese, cobalt, nickel, and the like; doped zir- 
conia, including, zirconia doped with titanium, copper, 
and the like), and the like, as well as alloys, oxides, cer- 

40 mets, composites, and combinations comprising at least 
one of the foregoing materials. 

[0019] Each individual electrochemical cell 10 com- 
prising a single anode 30, a single electrolyte 40, and a 
single cathode 50, generates a relatively small voltage, 

45 generally from about 0.5 to about 1 .2 volts. Higher volt- 
ages are attained by electrically connecting a plurality 
of electrochemical cells in series to form a stack. The 
total number of cells forming a stack can range from 2 
to several hundred, depending on power requirements, 

so space and weight restrictions, economics, and the tike. 
[0020] In operation, the electrochemical cell 10 pro- 
duces a current flow as illustrated by current flow arrows 
60, 61 in Figure 2. Oxidant gases, such as oxygen or 
air, can be introduced to the cathode side of the cell, 

S5 flowing as Illustrated by the oxidant flow arrow 64. The 
oxidant receives the flowing electrons (e') and converts 
them into oxygen ions (0'2), which diffuse through the 
electrolyte 40 to the anode 30, as depicted in the follow- 
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ing reaction: 



.'2 



[0021] At the anode, the oxygen ions react with afuei, 
such as hydrogen, carbon monoxide, nnethane, or other 
hydrocarbons, which was introduced to the electro- 
chemical cell 10 as Illustrated by the fuel flow an-ow 62. 
The reaction of the fuel and oxygen ions, producing 
electrons (e"). which flow outside of the electrochemical 
cell 1 0 to the external circuit 70 and back to the cathode 
50. The fuel/oxygen Ion reaction is depicted in the fol- 
lowing reactions: 



H 2 + 



H 20+2e 



(when fuel is hydrogen) 

(when fuel is carbon monoxide) 
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CH^ + 40'^ 2H2O + CO2 + Be 

(when fuel is methane) 
Unreacted fuel and byproducts, such as water, carbon 
monoxide, and cariDon dioxide, exit the electrochemical 
cell 10 in the fuel stream, as Illustrated by fuel stream 
arrow 66, while excess oxidant exits the electrochemical 
cell 10, as illustrated by oxidant stream arrow 68. 
[0022] Basically, the electrolyte 40 conducts these ox- 
ygen ions (0-2) between the anode 30 and the cathode 
50. maintaining an overall electrical charge balance. 
The cycle of flowing electrons (e-) from the anode 30 
through the external circuit 70 to the cathode 50 creates 
electrical energy for harnessing. 
[0023] To facilitate the reaction in the fuel cell, a direct 
supply of the fuel, such as hydrogen, carbon monoxide, 
or methane, is preferred. However, concentrated sup- 
plies of these fuels are generally expensive and difficult 
to supply. Therefore, the specific fuel can be supplied 
by processing a more complex source of the fuel. The 
fuel utilized in the system is typically chosen based upon 
the application, expense, and availability. Possible 
sources of fuel include conventional fuels such as hy- 
drocarbon fuels. Including, but not limited to, conven- 
tional liquid fuels, such as gasoline, diesel, ethanol, 
methanol, kerosene, and others; conventional gaseous 
fuels, such as natural gas, propane, butane, and others; 
and alternative fuelS: such as hydrogen, biofuels. dime- 
thyl ether, and others; and combinations comprising at 
least one of the foregoing fuels. The preferred fuel is 
typically based upon the power density of the engine, 
with lighter fuels, i.e.. those which can be more readily 
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vaporized and/or conventional fuels which are readily 
available to consumers, generally preferred. 
[0024] The processing or refomiing of hydrocarbon 
fuels, such as gasoline, is completed by a reformer to 
provide an immediate fuel source for rapid start up of 
the fuel cell as well as protecting the fuel cell by remov- 
ing impurities. Fuel reforming can be used to convert a 
hydrocarbon (such as gasoline) or an oxygenated fuel 
(such as methanol) Into hydrogen (H2) and byproducts 
(e.g., carbon monoxide (CO) and carbon dioxide (CO2)). 
Common approaches include steam reforming, partial 
oxidation, and dry refomning. 

[0025] While the fuel cell operates, oxygen ions flow 
through the electrolyte 40 to the anode 30 to combine 
with components of the fuel (e.g., Hg or carbon monox- 
ide) to produce residual components, such as water and 
CO2. These components exit the electrochemical cell 
1 0 in the fuel stream 66. As long as an adequate supply 
of fuel is present oxygen ions will leave the electrochem- 
ical celMO. However, during startup or shutdown, when 
the fuel supply is not flowing, an oxidizing environment 
can be present on the anode side of the electrochemical 
cell 10, resulting in the breakdown of the anode (i.e., 
anode oxidation). The excess oxygen ions result from 
oxygen remaining from the prior use of the fuel cell or 
from air leaking in from the manifold seals, other seals, 
or other defects. When anode oxidation occurs, the an- 
ode oxidizes rapidly, creating a volume change, which 
can result in a mechanical failure of the electrochemical 
cell 10. 

[0026] To prevent anode oxidation, during the startup 
and shutdown periods, several combinations of three in- 
dividual strategies may be utilized. The first strategy is 
the use of a stored reformate within the SOFC, which 
can be slowly released during the startup and shutdown 
periods. The second strategy is electrically applying a 
reverse bias to the anode to electrochemical ly pump the 
oxygen from the anode side, keeping it in a reducing 
environment. The last strategy is the addition of materi- 
als to the anode to prevent or slow down anode oxida- 
tion. For efficient protection of the anode, these strate- 
gies are preferably used In tandem. It has been found 
particularly advantageous to employ one or more of 
these strategies when the fuel cell temperature is about 
400°C to about 1,000-C, with about 550*»C to about 
800-C preferred, since anode oxidation typically occurs 
within these temperature ranges. 
[0027] The use of stored refomnate (e.g., stored hy- 
drogen and/or cariaon monoxide from a refonmer or oth- 
er source) employs a storage device (e.g., canister, a 
trap, container, conduit or a pipe, and combinations 
comprising at least one of the foregoing devices) which 
may optionally Include a hydrogen or oxygen scavenger 
material. Either prior to commencing the flow of refor- 
mate from the reformer to the SOFC or after the flow of 
reformate from the refonner to the SOFC ceases, based 
upon a sensor reading or a timed inten/al. the stored 
reformate can be introduced to the anode. Preferably. 
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sufficient reformate is introduced to the anode to react 
with any rennaining oxygen, thereby Inhibiting anode ox- 
idation. Possible storage devices Include canisters, 
tanks, pipes, and the lil<e, which are disposed within or 
outside of the SOFC stack, yet in fluid connmunlcation 5 
with the anode. Disposed within the storage device can 
be a scavenger material conriprlsing any material capa- 
ble of attracting, storing, and releasing hydrogen or ox- 
ygen, such as hydrides, (e.g., magnesium based hy- 
drides, nickel based hydrides, and the like) carbon na- io 
no-tubes, metals, and combinations comprising at least 
one of the foregoing materials. 

[0028] The use of stored reformate can be employed 
alone or In conjunction with the application of a reverse 
bias, i.e., a negative current, to Interface of the anode is 
and the electrolyte to electrochemlcally pump oxygen 
from the anode side back to the cathode side. A reverse 
bias is a voltage that produces current flow in the direc- 
tion of greater resistance to the normal direct current. 
By applying a negative current to the anode that can be 
supplied from a battery system, the oxygen is pumped 
from the anode-electrolyte interface through the electro- 
lyte to the cathode, keeping the anode in a reducing en- 
vironment (I.e., hydrogen rich). The amount of voltage 
to be applied is dependent upon the amount of current 25 
that is sufficient to produce the pumping effect of oxygen 
and can be established by one of ordinary skill in the art. 
The amount of current is dependent upon the amount 
of oxygen present at the anode and the temperature, 
and can be determined by one skilled In the art. It is im- 30 
portant to note that this process Is based on the Ionic 
properties of the electrolyte. Dependent upon the mate- 
rials of the electrolyte, this strategy is typically em- 
ployed, e.g., with a zirconia electrolyte, when the tem- 
perature of the fuel cell Is about 500° C or greater, with 35 
about SSO^'C to about 600° C preferred. 
[0029] Finally, the reformate storage and/or reverse 
bias can be employed alone or In combination with the 
addition of a dopant to the anode. The addition of a ma- 
terial (or dopant) to the anode prevents or slows down 
the effects of anode oxidation. In essence, the dopant 
scavenges the majority, or all, of the oxygen present at 
the anode, removing the oxygen before damaging the 
anode. Since oxygen destroys the anode, the anode can 
be doped with a material that does not readily form ox- 
ides. Basically, the anode Is either combined with and/ 
or coated with an oxidation inhibltive material. The do- 
pant can be any non-oxidatlve (i.e., does not readily 
fomn oxides at about 400°C to about 600*0 when ex- 
posed to oxygen ions), electrically conductive material, so 
which preferably possesses similar properties as the an- 
ode, e.g., conductivity, coefficient of thermal expansion, 
and the like. Possible dopant materials includes, but is 
not limited to, ceria, pervoskites, zirconia, copper, plat- 
inum, rhodium, palladium, gadolinium, gold, and the S5 
like, and mixtures comprising at least one of the forego- 
ing dopant materials. 

[0030] The dopant can be employed using by a variety 
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of techniques including sputtering, chemical vapor dep- 
osition, screen printing, spraying, dipping, painting, and 
stenciling, among others where the anode and dopant 
are first mixed and then formed. The dopant and the an- 
ode will retain the electrical conductivity and catalytic 
properties required for electrochemical activity. 
[0031 ] The use of one or more of these anti-anode ox- 
idative strategies inhibits anode oxidation and extends 
fuel cell life, rendering the fuel cell more adept for use 
in automotive applications'. 

[0032] While the invention has been described with 
reference to an exemplary embodiment, it will be under- 
stood by those skilled in the art that various changes 
may be made and equivalents may be substituted for 
elements thereof without departing from the scope of the 
invention. In addition, many modifications may be made 
to adapt a particular situation or material to the teach- 
ings of the invention without departing from the essential 
scope thereof. Therefore, It is intended that the invention 
not be limited to the particular embodiment disclosed as 
the best mode contemplated for carrying out this inven- 
tion, but that the invention will include all embodiments 
falling within the scope of the appended claims. 



Claims 

1. A method of preventing anode oxidation in a fuel 
cell (10), comprising: 

applying a negative current to an anode (30) of 
said fuel cell (10), wherein said anode (30) is 
disposed in ionic communication with a cath- 
ode (50) through an electrolyte (40), and 
wherein oxygen is transfen-ed from said anode 
(30) through said electrolyte (40) to said cath- 
ode (50). 

2. The method of Claim 1 , wherein said applying said 
cun-ent is completed at temperatures of about 
400^C to about 1 ,000°C. 

3. The method of Claim 1 , wherein said applying said 
cun^ent is completed at temperatures of about 
550^C to about 800'C. 

4. The method of Claim 1 , further comprising storing 
a reformate In fluid communication with said anode 
(30), wherein said storing said reformate is with ma- 
terials selected from the group consisting of hy- 
drides, carbon nano-tubes, and combinations com- 
prising at least one of the foregoing materials; and 
introducing said stored reformate to said anode (30) 
when said fuel cell (10) has a temperature of about 
400'»C to about 1,000°C. 

5. ...The method of Claim 4. wherein said introducing 

said stored reformate occurs before a flow of main 
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reformate from a reformer to said fuel cell or after 
said flow of main reformate from said reformer to 
the fuel cell stops. 

6 The method of Claim 4, further comprising doping 

■ said anode (30) with a dopant; and wherein said do- 
pant scavenges at least a portion of oxygen present 
at said anode (30). 

7 The method of Claim 6, wherein said dopant is se- 

■ looted from the group consisting of cena, per- 
voslcites, zirconia. copper, platinum, rhodium, gado- 
linium, gold, and palladium, and compositions com- 
prising at least one of the foregoing dopants. 

8 The method of Claim 6. wherein said doping said 
anode (30) further comprises mixing said dopant 
with a material to fomi said anode (30). 

9 The method of Claim 6, wherein said doping said 
■ anode (30) further comprises coating said anode 

(30) with said dopant. 



linium, gold, and palladium, and mixtures compris- 
ing at least one of the foregoing dopants. 

17. The method of Claim 15, wherein said doping said 
5 anode (30) further comprises mixing said dopant 

with a material to fonn said anode (30). 

18. The method of Claim 15, wherein said doping said 
anode (30) further comprises coating said anode 

10 (30) with said dopant. 

19 The method of Claim 1 5. further comprising storing 
■ a reformate in fluid communication wtth said anode 
(30) , wherein said storing said refomiate is with nia- 
terials selected from the group consisting of hy- 
drides, carbon nano-tubes. and combinations com- 
prising at least one of the foregoing matenals^ and 
introducingsaldstoredretomnatetosa.danode(30) 

when said fuel cell has a temperature of about 
400'C to about 1 ,000°C. 

20. The method of Claim 1 5, wherein said fuel cell (1 0) 
IS a solid oxide fuel cell. 
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10. The method of Claim 1 , further comprising doping 
said anode (30) with a dopant; and wherein said do- 
pant scavenges at least a portion of oxygen present 
at said anode (30). 

11 The method of Claim 10. wherein said dopant is se- 
■ lected from the group consisting of cena. per- 
voskites, zirconia, copper, platinum, rtiodium, gado- 
linium, gold, and palladium, and mixtures compris- 
ing at least one of the foregoing dopants. 

12. The method of Claim 10. wherein said doping said 
anode (30) further comprises mixing said dopant 
with a material to form said anode (30). 

13. The method of Claim 10. wherein said doping said 
anode (30) further comprises coating said anode 
(30) with said dopant. 

14. The method of Claim 1 , wherein said fuel cell (10) 
is a solid oxide fuel cell. 

15. A method of preventing anode oxidation In a fuel 
cell (10), comprising: 

doping an anode (30) of said fuel cell (10) with 
a dopant, wherein said anode (30) is disposed 
in ionic communication with a cathode (50) 
through an electrolyte (40), and wherein said 
dopant scavenges at least a portion of oxygen 
present at said anode (30). 

16. The method of Claim 15. wherein said dopant is se- 
lected from the group consisting of cena. per- 
voskites. zirconia, copper, platinum, rhodium, gado- 
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21. A method of preventing anode oxidation in a fuel 
cell (10). comprising: 

storing a refonnate in fluid communication with 
said fuel cell (10) having an ano'de (30) and a 
cathode (50) disposed on opposite sides of an 
electrolyte (40) wherein said storing said refor- 
mate is with materials selected from the group 
consisting of hydrides, carbon nano-tubes and 
combinations comprising at least one of the 
foregoing materials; and 
introducing said stored refomiateto said anode 
(30) when said fuel cell (10) has a temperature 
of about 400OC to about 1 .OOO-C. 

22. The method of Claim 21. wherein said introducing 
said stored refomiate occurs at timed inteivals. 

23. The method of Claim 21 , further comprising deter- 
mining an amount of oxygen present at said anode 
(30), Wherein said Introducing said stored reformate 
is based upon said amount of oxygen. 

24. The method of Claim 21 , wherein said fuel cell (1 0) 
is a solid oxide fuel cell. 
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